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The Uplands Province ofNE Victoria consists of two petrograpliieally and geoehemically similar basalt 
types of two distinct ages (2.3 and 3.6 Ma) that erupted as Hows during peak Pliocene volcanic activity in the 
Newer Voleanics Province of western Victoria (2-4 Ma). The lavas are enriched transitional olivine basalts 
whose trace clement chemistry has characteristics of both the Plains and Cones series basalts of the Newer 
Voleanics Province. Detailed isotopic studies (Sr, Nd, Pb) on the older basalt suggests that mixed asthenosphcric 
melt-crustal interactions occurred during basalt genesis. The basalts have been moderately dissected since 
their initial eruption at 3.6 Ma, with an average downeutting rate of 5 mm/yr. 
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THE UPLANDS Province of north-eastern Victoria, 
(previously the Morass Creek voleanies of Hills, 
1938) was first correlated with the Newer Voleanies 
Series by Howitt (1879). These voleanies were 
mapped as such on the Geological Survey of Victoria 
maps up until 1902. After this, all the voleanie 
occurrences east of Melbourne were assigned to the 
Older Voleanics Series (Hills 1938), although Easton 
(1937) still related them to the Newer Voleanies 
Series. On the Tallangatta Geological Survey of 
Victoria map (Bolger and King 1976), they were 
named as the Morass Creek Basalt Unit and given a 
Late Pliocene age, completely separate from the Older 
Voleanie Series. 

The origin of enriched geoehcmical signatures 
observed in many continental intraplate basalts such 
as the Late Cenozoie basalts of Victoria is an ongo¬ 
ing debate that follows two main schools of thought: 

1) these signatures eome from a subeontinental 
lithospherie mantle source (e.g. Allegre et al. 1982; 
McDonough et al. 1985; Turner and Hawkesworth 
1995; Stewart and Rogers 1996; Price et al. 1997). 

2) these signatures reflect crustal contamination of 
asthenosphcric mantle or plume-derived melts en 
route to the surface (e.g. Hawkesworth and Vollmer 
1979; Carlson et al. 1981; Chesley and Ruiz 1998). 

Here, we present new geochemical and isotopic 
data for the Uplands Province basalts and compare 


them with the Newer Voleanies Province of western- 
central Victoria. We comment on the enriched 
geoehcmical signatures within these Late Cenozoie 
basaltic provinces, in relation to the two eited models, 
and their relationships to mid ocean ridge basalts 
(MORB) and oceanic island basalts (01B) sources. 
Two MORB-typcs are represented in the underlying 
eastern Australian asthenosphere, Indian-type MORB 
(1-MORB) and Paeifie-type MORB (P-MORB). 


GEOLOGICAL SETTING 

The Uplands Province (Wellman 1974) lies in the 
eastern highlands 9 km north of Benambra. Several 
basaltic Hows extend for at least 20 km along the 
valley floors of Deep Creek, Morass Creek and Mitta 
Mitta River (Fig. 1). Hills (1938) described the 
physiographic settings, recognised several superim¬ 
posed flows along cliff sections and believed a hill 
rising above Frasers Tableland marked an eruptive 
centre. According to Easton (1937), the basalts flowed 
along the valleys of the tributary streams and the 
valley ofGibbo River where they dammed the river 
and initiated a lake. Wellman (1974) equated these 
basaltic rocks with the Newer Voleanies Province of 
Western Victoria on the basis of their young age, 
physiographic settings, vesicular nature of the flows, 
and the common occurrence of ‘iddingsitised* olivine. 
He estimated the original volume of basalts to be 
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Fig. /. Location and extent of the Uplands Volcanic Province (Geology adapted from Bolger and King, 1976). Map area extends from 147° 37' E 
to 147° 52* E (west to east) and 36° 42' S to 37° 00’ S (north to south). 
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Fig. 2. Photomicrograph of basalt from Stony Creek (field of view 4 
mm across: crossed polars). 


some 2 km 5 , based on their present thiekness and 
extent. 

Most of the Hows infill relative topographic lows 
in the area. In some eases, the basalts directly over- 
lie the foliated Ordovieian inetasedimentary sequence 
(e.g. the hill above Deep Creek crossing at 620tn 
asl; 36° 49.8'S 147° 42.6'E). Elsewhere, they overlie 
weathered Lower Triassie alkali granitic roeks of the 
Mount Leinster Complex (e.g. Stony Creek at 620m 
asl; 36° 48.0'S 147°42.8'E). Overall, individual flows 
are generally only a few metres thick, but where 
Morass Creek has deeply incised through the area, 
flows of up to at least 50m thiekness are seen (e.g. 
near 36° 49.8'S 147° 42.6'E), suggesting infilling of 
a steep palaeovalley. 

Two distinct tlows are discernible between 920 
and 960m asl along the forestry track olYBcloka Road, 
about 3 km north-west of Pcndergast Lookout (near 
36° 49.9’S 147° 47.5'E). Here, a fine-grained rela¬ 
tively massive miero-vcsieular olivine basalt flow 
with a weathered vesieular top and base is sharply 
overlain by a highly seoriaeeous fine-grained olivine 
basalt with a highly vesieular base. The overlying 
basalt occupies a channel eut into the lower basalt 
and the adjaeent metasediments suggesting a period 
of lateral drainage incision between the two phases 
of eruption. The basalts reach their highest elevation 
here, suggesting an eruptive source from the east, 
from where flows descended into Deep Creek valley 
to below 680m asl. Further sources may lie in the 
eentre of the field near Fraser Tableland, as vertical 
dyke-like basalt bodies (2m wide and 3m high) in¬ 
trude the main basalt tongue at Stony Creek (36° 
48.0'S 147° 42.8’E) and may represent feeders for 
higher Hows. The basalts reach their lowest topo¬ 
graphic levels to the north-west, where they deseend 


to 500m asl near the junction of the Gibbo and Mitta 
Mitta Rivers. 


PETROGRAPHY 

All of the basalts studied are petrographieally very 
similar, though two textural types are apparent; a fine¬ 
grained relatively massive miero-vesieular olivine 
basalt and a fine-grained highly seoriaeeous olivine 
basalt. Under the mieroseope, they exhibit miero- 
porphyritie to glomeroporphyritie intergranular 
textures, generally defined by moderately eommon 
phenoerysts and phenocrystie aggregates of olivine 
and rarer titanian augite, set in a groundniass of non- 
aligned plagioelase laths, along with intergranular 
olivine and titanian augite (Fig. 2). Accessory phases 
inelude abundant apatite (generally prismatie 
‘needle-like’ grains), platy ilmenite and equant 
magnetite. Minor phases in some tlows inelude late 
segregations of feldspar and devitrified glassy 
patches. 


Basalt phases 

Olivine phenoerysts (0.25 to 3mm, av. 0.5mm) are 
generally ovoid subprismatie grains with sharp 
boundaries against the groundniass phases. They 
range from weakly fraetured unaltered to highly 
fractured, marginally altered grains. Many contain 
tiny subhedral equant opaque spinel inclusions. 
Skeletal, highly embayed xenoerystie grains are rare. 
The phenocrystie aggregates range up to 2mm across 
and contain grains with embayed boundaries. 

The phenoerystie and groundniass titanian augite 
grains are all weakly plcoehroie (paler to darker pink- 
brown or eolourless to pale pink), anhedral to 
subhedral, equant to prismatie grains («0.1 to 2mm). 
Most occur in interlocking intergranular aggregates. 
Some show compositional zoning (with dark pink- 
brown rims and eolourless cores) and many have 
euspate-lobate boundaries with groundniass phases, 
particularly plagioelase. Some grains have narrow 
replacement rims of ehlorite/goethite. Within 
moderately fraetured grains, there is also fracture 
replacement by fine-grained ehlorite/goethite. 

Plagioelase (<0.l to 1.3mm, av. 0.5mm) forms 
subhedral laths with embayed boundaries with other 
groundniass phases. Well-developed multiple twin 
lamellae are eommon and some crystals show 
moderate to well-developed eore to rim zoning from 
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more calcic to sodic compositions. Alkali feldspar 
occurs as a late interstitial phase, commonly as 
cuspate-lobate forms. Most are untwinncd, although 
some grains have wcll-dcvclopcd simple and 
polysynthclic twin lamellae, indicative of anortho- 
clase. Chalcedonic quartz/chloritc pseudomorphs 
after former glass form cuspate-lobatc patches in 
some basalts. 


Vesicles/A mygdales 

Vesicles and amygdalcs range in size from «0.1 to 
35mm, and are mostly spherical to ellipsoidal, though 
cuspate-lobate forms appear within some basalts. 
They range from empty (vesicles) to a range of 
infillings (amygdalcs) including: 

1. Zoned narrow walls of chloritc/goethitc with 
central infillings of carbonates. 

2. Complete infillings of carbonates. 

3. Complete infillings of prismatic zeolites. 

Alteration within the basalts varies from very 
minor (goethite along fractures) to pervasive (partial 
replacement of ferromagnesian phases and intersti¬ 
tial mixtures of chlorite and goethite). Secondary 
assemblages vary and include: 

1. Fracture and rim-related replacement of olivine 
by fine-grained mixtures of chlorite/goethite 
(iddingsite). 

2. Goethite replacement of opaques and 
ferromagnesian minerals. 

3. Chlorite rims around titanian augite. 

4. Interstitial patches of chlorite. 

5. Carbonate/chlorite replacement of olivine. 

6. Fine-grained mixtures of clays and quartz re¬ 
placing alkali feldspar. 


7. Interstitial patches of zeolites. 


ANALYTICAL METHODS 
Potassium-ai'gon analysis 

The K-Ar isotopic age determination was made on 
basalt chips (< 10mm across), crushed with a shatter 
box (Sicblechnik ring grinder with chrome steel bar¬ 
rel) into a <500 pm fraction. Potassium concentra¬ 
tion was determined by atomic absorption (Varian 
AA 20) using Cs at a concentration of 1000 ppm for 
ionisation suppression. A 100 - 200 mg of sample 
aliquot was dissolved with HF and HNO ? (Heinrichs 
and Herrmann, 1990), and then diluted to 0.3 to 1.5 
ppm K for the atomic absorption analysis. Ar iso¬ 
topic determination followed a similar procedure to 
Bonhommc et al. (1975). The sample was pre-hcated 
under vacuum at 80° C to reduce atmospheric Ar 
adsorbed onto the mineral surfaces. Argon was ex¬ 
tracted from the separated mineral fractions by fus¬ 
ing the sample within a vacuum line serviced by an 
on-line 3s Ar spike pipette. The isotopic composition 
of the spiked Ar was measured using a high sensitiv¬ 
ity on-line VG3600 mass spectrometer. The ?8 Ar spike 
was calibrated against the international standard 
biotite GA1550 (McDougall and Roksandic 1974). 
After fusion of the sample in a low blank Heine re¬ 
sistance furnace, the released gases were purified 
with a Cu,0 getter for the first step and two Ti0 2 
getters for the second step. Blanks for the extraction 
line and mass spectrometer were systematically de¬ 
termined and the mass discrimination factor was 
determined periodically by airshots. International 
standards were measured for calibration purposes. 
The uncertainty for the argon analysis is below 1 %. 
The K-Ar age was calculated using 40 K concentra¬ 
tion and decay constants recommended by Steiger 


Location 

Rocktype 

K (%) 40 A r (%) 

Age (Ma) 

’Stony Creek 

Massive basalt 

1.33 

8.62 

3.59 ±0.44 (± 2 c) 

2 2km N Uplands PO 

Scoriaccous basalt 

1.57 

59.2 

2.32 ± 0.06 (± 2 a) 

2 3km N Uplands PO 

Scoriaceous basalt 

1.48 

59.3 

2.33 ± 0.06 (± 2 a) 


( l this study; 2 recalculated ages of Wellman, 1974) 

Table 1. K-Ar wholcrock geochronology for the Uplands Province. 



LATE CENOZOIC BASALTS: IN RELATION TO THE NEWER VOLCANICS BASALTS 


55 


and Jager (1977). The age uncertainty takes into ac¬ 
count the errors during sample weighing, 38 Ar/ 36 Ar 
and 40 Ar/ 38 Ar measurements and K analysis. The sam¬ 
ple analysed yielded a low radiogenie 40 Ar concen¬ 
tration of 8.62%, which produced the relatively high 
uncertainty. 


Major and minor elements 

The major, minor and selected trace elements were 
analysed by Maggi Loubscr at the XRF and XRD 
Facility, University of Pretoria, Pretoria, South Af¬ 
rica, using X-ray fluorescence (XRF). Initially, sam¬ 
ples were ground to <75 pm in a mild steel milling 
vessel, roasted at 1000°C to determine Loss On Igni- 


Sample 

DR 16926 

DR 16930 

DR 16899 

Locality 

Stony Creek 

Gibbo Park 

Uplands PO 

Latitude 

36° 48.0 T S 

36° 45.8' S 

36° 50.0’ S 

Longitude 

147° 42.8' E 

147° 41.8’E 

147° 42.3* E 

Elevation 

640m 

520m 

640m 

Rock type 

Massive basalt 

Vesicular basalt 

Scoriaceous basalt 

SiO, 

48.52 

50.09 

49.72 

TiO‘ 

1.92 

1.95 

1.96 

aiA 

14.48 

15.59 

14.93 

Fe 2 0 3 

2.31 

2.43 

2.33 

FeO 

8.33 

8.75 

8.40 

MnO 

0.15 

0.16 

0.15 

MgO 

7.76 

7.62 

7.39 

CaO 

8.45 

8.34 

8.18 

Na,0 

2.96 

3.23 

3.55 

k,o 

1.62 

1.65 

1.59 

p A 

0.53 

0.59 

0.54 

LOl 

1.24 

0.90 

0.19 

Total 

98.27 

101.30 

98.93 


C1PW Norm, Anhydrous, with Fe,0 3 /(Fc0+Fe,0 3 ) ~ 0.2. 


Or 

9.86 

Z S v IS' 

9.71 

9.51 

Ab 

25.80 

27.21 

30.41 

An 

22.09 

23.07 

20.36 

Mt 

3.46 

3.51 

3.43 

11 

3.76 

3.69 

3.77 

Ap 

1.29 

1.39 

1.29 

Di 

14.23 

11.62 

13.94 

Hy 

8.13 

7.74 

3.37 

01 

11.37 

12.05 

13.91 

Cm 

0.05 

0.04 

0.04 

D.l 

35.67 

36.92 

39.92 

An% 

46.12 

45.88 

40.10 

Mg No. 

62.41 

60.81 

61.06 


Analyst: M.Loubser, Department of Geology, University of Pretoria, South Africa. 

Note that analytical totals fall outside normal ranges, due to uncertainties in the ignition loss determinations. 
The other oxide values fall within accepted ranges for the international rock standards used. 

Tabic 2. XRF major and trace clement analyses and C1PW norms. 
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tion (L01), and, after adding 1 gram of sample to 6 
grams of Li,B 4 0 7 , fused into a glass bead. XRF analy¬ 
ses were then executed on the fused glass bead us¬ 
ing an ARL9400XP-F spectrometer. For selected trace 
element analyses, another aliquot of the sample was 
pressed into a powder briquette. 


Trace and rare earth elements (REE) 


These were analysed by Dr Andreas Spath at the 
Geology Department, University of Cape Town, 
Rondeboseh, South Africa, using inductively coupled 
plasma mass spectrometry (ICP-MS). This involved 
the dissolution of 50 mg of each sample with a stand¬ 
ard acid digestion procedure using ultra-clean 1 IF and 
HN0 3 . Standards were made-up from artificial multi¬ 
element standard solutions. The samples were ana¬ 
lysed on a Perkin Elmer Seiex Elan 6000 ICP-MS. 
The instrument operating conditions were typically: 


Sample DR 16926 DR 16930 DR 16899 

Rocktype Massive basalt Vesicular basalt Scoriaceous basalt 


Sc 

16.9 

17 

17.4 

V 

169 

163 

172 

Cr 

223 

196 

223 

Co 

56.7 

52.3 

64.9 

Ni 

147 

137 

147 

Cu 

53.9 

56.8 

54.4 

Rb 

30.5 

22.5 

24 

Sr 

697 

592 

643 

Y 

17.2 

17.7 

17.7 

Zr 

171 

177 

174 

Nb 

40.9 

42.4 

41.9 

Cs 

1.18 

0.34 

0.25 

Ba 

315 

275 

328 

La 

24 

25.9 

24.7 

Ce 

46.2 

49.4 

47.4 

Pr 

5.48 

5.89 

5.6 

Nd 

23.1 

24.5 

23.6 

Sm 

4.77 

5.03 

4.95 

Eu 

1.68 

1.75 

1.72 

Gd 

4.89 

5.09 

4.99 

Tb 

0.68 

0.71 

0.69 

Dy 

3.74 

3.88 

3.87 

Ho 

0.68 

0.70 

0.68 

Er 

1.69 

1.72 

1.73 

Tm 

0.22 

0.22 

0.22 

Yb 

1.27 

1.33 

1.30 

Lu 

0.18 

0.18 

0.18 

Hf 

3.62 

3.75 

3.69 

Ta 

3.74 

3.85 

3.87 

Pb 

2.67 

2.78 

2.66 

Til 

3.00 

3.07 

3.08 

U 

0.95 

1.02 

0.95 

Ga* 

22 

24 

22 


Analyst: A.Spath, Department of Geology, University of Cape Town, South Africa. 

(* determined by XRF; Analyst: M.Loubscr, Department of Geology, University of Pretoria, South Africa) 
Table 3. ICP-MS trace and rare earth element analyses. 
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Nebuliser gas How of 0.81 L/min; Main gas flow of 
approx. 15 L/min; Auxilliary gas flow of approx. 0.75 
L/min; Autolcns voltages were 9 Be = 8.6V, 59 Co = 
9.2V, and 1,5 In — 9.8V; the ICP RF forward power 
was II00W. The instrument operating conditions 
were optimised to minimise the formation of dou¬ 
bly-charged ion (Ba 2 7Ba 4 < 0.03) and oxides (CeO/ 
Cc < 0.03). The instrument sensitivity for ,03 Rh was 
approx. 25 000 cps/ppb. Three replicates of caeh sam¬ 
ple were analysed with 20 sweeps per replieate. The 
dwell times were 35-50 ms per mass peak and the 
analytical time for each sample was 1:41.58 min. 
Internal standardisation was achieved using I03 Rh, 
1,5 In, 187 Re and :<w Bi. Interference corrections were 
made for isobaric interferences and for the more se¬ 
vere doubly-charged ion and oxide interferences (par¬ 
ticularly on the REE). 


Strontium, neodymium and lead isotopes 

The techniques for chemical separation and meas¬ 
urement of these isotopes follow procedures described 
by Zhang ct al. (2001). Sr and Nd isotopes were de¬ 
termined by Karen Blaeklock from CSIRO Petroleum, 
North Rydc, Sydney, NSW. The 87 Sr/ 86 Sr and I43 Nd ! 
,44 Nd ratios were measured on a VG Seetor 354 mass 
spectrometer with multiple collectors on its fully 
automatic mode and normalised to ^Sr/^Sr = 0.1194 
and 14<, Nd/ 144 Nd = 0.7219 respectively. Replicate 
analyses of NBS SRM 987 gave 87 Sr/ S6 Sr = 0.710287 
± 0.000012 (external precision at 26) and the O'Nions 
standard gave ,43 Nd/ ,44 Nd = 0.511116 db 0.000014 
(external precision at 26). 

Lead isotopes were determined by Barbara 
Gardner and Geoff Denton from CSIRO Exploration 


and Mining, North Ryde, Sydney, NSW. Lead iso¬ 
tope compositions were analysed on a thermal ioni¬ 
sation mass spectrometer (TIMS VG-ISOMASS 
54E) run in fully automated mode after dissolution 
of samples using acid digestion techniques. The pre¬ 
cision on the isotopie ratios based on > 2000 analy¬ 
ses of the international standard SRM 981 and repli¬ 
cate analyses of natural samples is ± 0.05% (26) for 
the -wpb/^Pb and :o7 Pb/ 2w 'Pb ratios and± 0.1% (26) 
for the 2(w, Pb/ : ‘ M Pb. Data were normalised to interna¬ 
tional standards NBS SRM 981, by applying a cor¬ 
rection factor of+0.08% amu to allow for compari¬ 
sons between laboratories. 


RESULTS 

K-Ar dating 

Both new (this study) and old (Wellman, 1974) K- 
Ar dating for the Uplands Province (Table 1) shows 
that the basalts are Middle to Late Pliocene in age, 
ranging from 2.32 Ma for seoriaceous basalt at 
Uplands in the south (Wellman 1974), to 3.59 Ma 
for massive basalt at Stony Creek near the centre of 
the province. This age difference of 1.27 Ma suggests 
at least two episodes of eruption (see above), although 
further flows between the dated flows may be present. 


Major elements 

The compositions and norms of three basalts (Table 
2) are very uniform with a restricted range, i.c. SiO, 
(48.5-50.1), TiO, (1.9-2.0), Al 2 0 3 (14.5-15.6), FeO 


87 Sr/ 86 Sr (2 a) 143 Nd/ /,44 Nd (2 a) sNd 

0.704905 0.0013 0.512805 0.0017 3.400 

(Analyst: K. Blaeklock, CSIRO Petroleum, Sydney, NSW) 

206p b /204p b 207p b/ 204 pb 20 8pb/ 204 pb pb ( ppm ) 

18.306 15.544 38.257 1.35 


(Analyst: B. Gardner, CSIRO Exploration and Mining, Sydney, NSW) 

Table 4. Strontium, neodymium and lead radiogenic isotope data for Stoney Creek basalt (DR 16926). 
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Fig. 3. Total alkalis vs silica diagram (after Vogel and Keays 1997). 


(8.3-8.8), MgO (7.4-7.8), CaO (S.2-8.5), Na,0 (3.0- 
3.6), K,0 (1.6-1.7) and P,0 5 (0.5-0.6). In normative 
terms (using a calculated Fe0/(Fe0+Fe 2 0 3 ) of 0.2), 
they contain diopside (11.6-14.2), hypersthene (3.4- 
8.1) and olivine (11.4-13.9), and can be classified as 
transitional olivine basalts. The Mg values (60.8 - 
62.4), differentiation index (35.7 - 39.9) and 
anorthitc% (40.1 - 46.1) suggest they are moderately 
evolved basalts. On the TAS diagram of Le Maitre 
(1989), the basalts of the Uplands Province plot as 
either basalts or traehyandcsites. They are essentially 
hawaiites transitional to olivine tholeiites. 


Minor and trace elements 

In terms of trace elements (ppm, Table 3), the 
Uplands Province basalts show little variation in 
chemistry with moderately high Cu (54-57); moderate 
V (163-172), Cr (196-223), Ni (137-147), Rb (23- 
31), Sr (592-697), Y (17-18), Zr (I7I-177), Nb (41- 
42), Ba (275-328); and low Hf (3.6-3.8), Ta (3.7- 
3.9), Pb (2.7-2.S), Th (3.0-3.1) and U (0.9-1.0). 

Vogel and Keays (1997) distinguished three main 
compositional suites amongst the Newer Volcanics 


Province of Western Victoria using the total alkali vs 
silica diagram (of Macdonald and Katsura 1964) 
termed these Cones Basalts (alkalie). Plains Basalts 
(transitional) and Plains Basalts (tholeiitie). On this 
diagram (Fig. 3). the Uplands basalts clearly fall into 
their Plains Basalts (transitional) suite. Furthermore, 
using the fields for their three basalt suites on trace 
clement plots, the Uplands basalts plot with their 
transitional basalts on both the Zr vs Nb (Fig. 4) and 
Sr vs Nb (Fig. 5) diagrams. On the Gd/Yb vs La/Sm 
diagrams, the Uplands plots lie outside the 
transitional field due to higher La/Sm ratios, but are 
much closer to this field than for the other basalt 
fields. However, on the Nb/Zr vs Nb/Y diagram, they 
plot just within the field for alkalie basalts, although 
still close to the transitional field. Thus, in 
geochemistry, the Uplands basalts resemble the 
transitional Plains Series basalts of the Newer 
Volcanics Province, although with minor differences. 

On the extended multi-element primitive-mantle 
normalised diagram (Fig. 6), the basalts exhibit 
distinct positive anomalies for Nb and Ti, and 
negative anomalies for Rb, Cs, Pb, Th, Ce, Sc, V, Ni 
and Cr. This again attests to their transitional nature, 
suggesting a moderate degree of fractionation. 
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Sr, A Id and Pb isotopes 


Rare earth elements (REE) 

The Uplands basalts have a uniform REE chemistry 
(Table 3) with moderate light REE (LREE) abun¬ 
dances (c.g. La 24.0-25.9; Ce 46.2-49.4) and low 
heavy REE (HREE) abundances (c.g. Ho 0.68-0.70; 
Yb 1.27-1.33). On the primitive mantle-normalised 
REE diagram (Fig. 7), the Uplands basalts arc more 
enriched in the LREE compared to the HREE, re¬ 
sulting in a moderately steeply-dipping curve. The 
overall pattern resembles that for transitional basalts 
of the Western Plains sub-province of the Newer 
Volcanics (Price ct al. 1997), but with slightly lower 
HREE concentrations. They suggested that the Plains 
Series basalts match those found in other intraplate 
basalt provinces (e.g. Thompson et al. 1983; Huang 
et al. 1997). Overall, the Uplands Province basalts 
are significantly lower in HREE compared to typical 
MORB, suggesting that they were probably gener¬ 
ated from a source retaining residual garnet (i.e. pos¬ 
sibly the lithospheric mantle). 


The Sr, Nd and Pb isotopic analyses arc presented in 
Table 4. Based on leaching experiments and weath¬ 
ering studies from the Newer Volcanics basalts, Price 
et al. (1991), concluded that the Sr isotopic charac¬ 
teristics were only slightly modified by late-stage 
groundwater infiltration (sec also McDonough ct al. 
1985; Price et al. 1997). McBride ct al. (2001) using 
osmium isotopic signatures for these basalts also 
concluded the basalts were not significantly modi¬ 
fied by late-stage alteration. Thus, the isotopic sig¬ 
natures observed in the basalts represent unmodi¬ 
fied signatures. 

A regional discontinuity was defined in the Newer 
Volcanics Province, on observed strontium isotopic 
compositions (whether from the Plains Series or 
Cones Series) along a N-S line which passes through 
Mortlake (the ‘Mortlake Discontinuity’; Price et al. 
1988, 1997; Nicholls ct al. 1993). East of this line 
the basalts generally have a more radiogenic Sr iso- 

Fig. 8. cNd vs * 7 Sr/*’Sr diagram. Lithospheric fields Victorian plains 
and cones basalt plots and Tasmanian basalt plots are adapted from 
McDonough el al. (1985) and McBride et al. (2001). 
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Fig. 7. Primitive mantle-normalised (roek / primitive mantle) rare earth diagram (Note: parallelism and overlapping between the three samples; 
the clement Pm is not included in the array which introduces an artificial anomaly forSm). Normalising values after Sun (1982). 
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Fig. 10. ^Sr/* 1f *Sr vs ^Pb/^Pb diagram. MORB and NS W basalt fields from Zhang el al. (2001). Plains basalt fields adapted from McDonough 
ct al. (1985) and MeBride cl al. (2001). 


topic signature than those to the west which also in¬ 
cludes the Uplands basalt. 

On the eNd vs 87 Sr/ 86 Sr diagram (Fig. 8), the 
Uplands basalt distinctly plots above the mantle ar¬ 
ray, and just above the Held for the tholeiitic Plains 
Series basalts of the Newer Volcanics Province. 

The 20&pb/:o4pb value for the Uplands basalt at 
18.306, lies just below the values for the Newer 
Volcanics Province. In terms of Pb isotopic charac¬ 
teristics, all of the Newer Volcanics Province basalts 
analysed fall well to the right of the geochron (Faure, 

1986) suggesting that their sources had experienced 
a long-term history of elevated U/Pb ratios (McBride 
et al. 2001). Both the Plains Series olivine tholeiitcs 
and Cones Series nepheline hawaiites analysed by 
McBride ct al. (2001) have 206 Pb/ 2(M Pb values rang¬ 
ing from 18.57 to 18.84, within the range for the 
Newer Volcanics Province (18.4 to 18,9; Price et al. 

1997; McBride et al. 2001), and those observed for 
many ocean-island basalts and continental flood ba¬ 
salt provinces (e.g. Zindlcr and Hart 1986; Carlson 

Fig. 9a. : ™Pb/ :(W Pb vs ^’Pb/^Pb diagram. MORB fields a Her Zhang et al. (2001). Plains and cones basalt plols adaplcd from McDonough cl al. 
(1985) and McBride el al.(2001). 

Fig. 9b. wpb/^Pb vs ^Pb/^Pb diagram. Fields and plains and cones basalt plots adapted from McBride ct al. (2001). 


1991). 

On the 208 Pb/ 2tM Pb vs 206 Pb/ 204 Pb diagram (Fig. 
9a), the Uplands basalt plots well away from the 
Newer Volcanics Province field but well within the 
Indian Ocean MORB (1-MORB) field and the lower 
crust. This also applies on the 207 Pb/ 204 Pb vs 2(16 Pb/ 
204 Pb diagram (Fig. 9b). 

On the 87 Sr/* 6 Sr vs ^Pb/^Pb diagram (Figure 
10), the Uplands basalt Province plots away from 
but close to the tholeiitic Plains Scries basalts of the 
Newer Volcanics Province, being closest to basalts 
from the w estern sector. It plots well away from both 
the New South Wales and Pacific Ocean MORB (P- 
MORB) fields, but closer to the 1-MORB field. On 
^Sr/^Sr vs 208 Pb/ ;04 Pb values, the Uplands basalt is 
distinct from the tholeiitic Plains Series basalts of 
the Newer Volcanics Province. 

When cNd is plotted against :r,6 Pb/ :04 Pb, the Up¬ 
lands basalt plots again shows a similar disposition 
to the other fields. In aNd vs 20 *Pb/ 2(M Pb values, the 
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Uplands basalt has lower 20S Pb/ 204 Pb than the Newer 
Voleanies Province but lies within the same range of 
cNd values. For cNd against ^Pb/^Pb, the Uplands 
basalt values are elosest to the l-MORB related field 
for North Queensland basalts. 

On the s7 Sr/* 6 Sr vs Ce/Pb diagram (Fig. 11 A), 
the Uplands basalt lies near to the Held for the 
tholeiitie Plains Series basalts, while on the ,4? Nd/ 
144 Nd vs Ce/Pb diagram (Fig. 1 IB), the Uplands ba¬ 
salt plots between the fields for the alkaline Cones 
Series and tholeiitie Plains Series basalts. On 2(M, Pb/ 
204 Pb vs Ce/Pb values, the Uplands basalt is distinet 
from the alkaline Cones Series and tholeiitie Plains 
Series basalts due to mueh lower 206 Pb/ 204 Pb ratios. 


DISCUSSION 

The Uplands Voleanie Province represents an iso¬ 
lated eastern extension of the Late Cenozoie activity 
that prevailed in eentral-western Victoria (Priee et 
al. 2003). This is the first detailed study of the Up¬ 
lands basalts that allows elose comparison with the 
temporally linked Newer Voleanies Province. 

Age implications 

The two ages determined for the Uplands Province 
basalts both lie within those for the Newer Voleanies 
Province (MeDougall et al. 1966; Wellman and 
MeDougall 1974), and correspond with the volumet¬ 
ric peak activity for the Plains Series basalts (span¬ 
ning 2 to 3 Ma). However, the Uplands Province is 
at least 280km north-east of the nearest outerops of 
the Newer Voleanies Province and forms a separate 
area of activity. 

The further dating extends the age range of the 
Uplands basalts from 2.3 to 3.6 Ma, probably as two 
distinet episodes, although intermediary activity is 
possible. Other scattered activity related to the Up¬ 
lands event may exist elsewhere in eastern Victoria, 
as alluvial zireon megaerysts in theTombullup Prov¬ 
ince, 120 km to the west, include a group with re-set 
fission traek ages of 3.6 db 1.8 Ma (Australian Mu¬ 
seum, Geotrack Report No 53, 1986) and basalt seoria 
was mapped some 60 km to the south on Barmouth 
Spur (Willman et al. 1999). 

The presence of two basalts separated in age in 


the same tributary drainage system entering Mitta 
Mitta River has implications for downeutting rates 
in this region. Downeutting time to re-exeavate the 
basalt buried valleys is now 60% longer, deereasing 
previous estimated erosion rates. About 190m 
thickness of basalt remains in the Morass Creek 
Seetion between Stony Creek and Fraser Tableland, 
suggesting an overall minimum downeutting rate of 
some 5 mm/yr sinec 3.6 Ma. The basalt infills would 
periodically elevate local drainage base levels for 
more vigorous downeutting to produee the present 
gorge-1 ike eourse of Morass Creek. 

Geochemical implications 

In major and traee elements, the Uplands basalts are 
transitional types that resemble the Plains Series 
basalts of the Newer Voleanies Province, but show 
some differences. Thus, Ba/Nb ratios for Uplands 
basalts (6.5-7.8) resemble those of the Cones Series 
alkali basalts (6.1 - 7.3) rather than the Plains Se¬ 
ries olivine tholeiites (11.0-17.3) whieh may incor¬ 
porate erustal contamination and assimilation 
(MeBride et al. 2001). Price et al. (1997) rejected 
significant influence of upper continental erust in the 
Newer Voleanies Province basalts, but left open the 
intluenee of variable lower erustal contamination. The 
possibility of sueh contamination in the Uplands 
basalts needs consideration to explain their mixed 
characteristics relative to the Newer Voleanies 
basalts. 

The Uplands basalts show uniform Ce/Pb (17- 
18) and Nb/U (42-44). An apparent variation in Pb 
values for the Stony Creek basalt (Tables 3 and 4) 
may re fleet a difference in analytical methods, the 
ICP-MS results being more consistent with the other 
basalt values. These reported ratios guide assessment 
of continental erust influences (see Hofmann et al. 
1986), as they are generally uniform in both MORB 
and OIB basalts, with Ce/Pb (25 ± 5) and Nb/U (47 
± 10), in comparison to continental erust, with Cc/ 
Pb (4) and Nb/U (10). On this basis, the Uplands 
basalts suggest some erustal residence and contami¬ 
nation has a fleeted their ehemistry. Thus, the Up¬ 
lands basalts trend away from the New er Voleanies 
Cones Series alkaline basalts (Ce/Pb 19-21; Nb/U 
55) partly towards the emst-like compositions of the 
Plains Series olivine tholeiites (Ce/Pb 7-14; Nb/U 


Fig. IIA. * 7 Sr/ SA Sr vs Cc/Pb diagram. Adapted from McBride et al. (2001). 
Fig. HR. !43 Nd/ 144 Nd vs Ce/Pb diagram. Adapted from McBride et al. (2001). 
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22 - 34; McBride et al 2001). 

Isotopie compositions of basalts can also indi¬ 
cate crustal contamination. Thus, while trace element 
signatures for both Plains Series and Cones Series 
basalts in the Newer Volcanics are similar to plume- 
related magmas (McDonough et al. 1985), the Plains 
Series trend to radiogenic ^Sr/^Sr above the mantle 
array and have high radiogenic Os relative to most 
01B values (McBride et al. 2001). The Uplands ba¬ 
salt 87 Sr/ S6 Sr plots well above the mantle array and 
also above the field for Plains Series olivine 
tholeiites. Crustal contamination can be recognised 
by both high 87 Sr/^Sr and low cNd values (Ewart et 
al. 1988; Price et al. 1997) and Uplands basalt with 
87 Sr/ 86 Sr 0.704905 and cNd 3.4 suggests crustal con¬ 
tamination has affected the isotopic systematics en 
route to the surface. The exact contaminating mate¬ 
rial is uncertain and may involve Lachlan Orogen 
components not present at the surface, as suggested 
by MeBridc ct al. (2001) for the Newer Volcanics 
Plains Series. Unfortunately, the age of the lower crust 
in southeastern Australia is still uncertain with esti¬ 
mates ranging from Proterozoic (Cas 1983) to Post- 
Cambrian (e.g. Gray 1997; Anderson et al. 1998). 

On a wider scale, the recent detailed work on 
the Newer Volcanics Province suggests both Plains 
and Cones Series basalts are mantle-derived melts 
(McBride et al. 2001). The Os and Nd isotope char¬ 
acteristics for Plains Series olivine tholeiites suggests 
variable mixing of two isotopie end-members, conti¬ 
nental crust (high y Os and low c Nd) and 
asthenospheric mantle (low % Os and high c Nd). 
Two subgroups were also distinguished in the olivine 
tholeiites, based on different y Os, c Nd and 87 Sr/ 
86 Sr values. However, the Uplands transitional basalts 
with moderately radiogenic c Nd and radiogenic 87 Sr/ 
86 Sr differ again from the Plains Series olivine 
tholeiites adding to the complexity of mantle-crustal 
melt interactions in the wider Victorian scene. 

The Uplands basalts occupy a critical position 
close to the Indian-Pacific mantle asthenosphere 
boundary (Sutherland 2003). In terms of Pb isotopes, 
the Uplands basalt generally plots well within the 1- 
MORB field and distant from the P-MORB field al¬ 
though the :o7 Pb/ 204 Pb vs ^Pb/^Pb values lie within 
the lower crust field and suggest a mixed 
asthenospheric melt-erustal interaction. The observed 
fractionation and contamination effects also obscure 
precise assignment of the Uplands basalt primary 
magma source. Even so, Pb isotope values tentatively 
favour an I-MORB connection similar to the west¬ 


ern Newer Volcanics Province, rather than a P-MORB 
connection that typifies New South Wales basalt 
Helds (see Zhang et al. 1999; Sutherland 2003). 

CONCLUSIONS 

1. The Uplands Province erupted during peak ac¬ 
tivity in the Newer Volcanics Province in west¬ 
ern Victoria (2-4 Ma). 

2. The lavas are evolved olivine basalts with trace 
element characteristics allied to both the Plains 
and Cones scries basalts of the Newer Volcanics 
Province. 

3. The observed isotope values suggest mixed 
asthenosphere mclt-crustal interactions were 
involved in basalt genesis. 

4. The basalts have been dissected since eruption, 
at an average downcutting rate of 5 mm/yr since 
3.6 Ma. 
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